Abstract. Near-infrared reflectance spectroscopy (NIR) is an emerging kind of non-destructive detection method and become increasing popularity in the food industry. This work uses diffuse reflectance spectrum of NIR as sample to study the qualitative analysis of jujube, and try to find if it can classify infested and intact jujubes efficiently. Mahalanobis distance discriminant is used to build qualitative analysis model. The date of near infrared spectrum usually has a series of noise. The effects of different spectral pretreatment methods on the results of spectral analysis are studied for de-noising and resolution enhancement. The correctness of classification of original spectrum is 87.08%, and it is improved by 2-8% after date pretreatment in both calibration and prediction set. The best result is 96.67%. NIR is illustrated could be applied to classify jujubles.
Introduction
Jujuble is one of the most popular fruit in China because of its rich content of vitamin C and colorful looks. Jujuble is mainly produced in China and also is a kind of traditional Chinese medicine materials. But the fruit will get damage during its growth and harvest period from inside and outside. The insect fruit has a bad taste and is bad to human healthy, it's even a cause of cancer. So it is very urgent to develop a model to detect the insect fruits, especially the internal ones. High quality of fruit will attract more consumers and industries.
However, the internal insect damage is difficult to detect accurately and quickly by the classical methods. Near Infrared Reflectance Spectroscopy (NIR) covers the wavelength range of 780-2526nm, this region is the absorption bands of fundamental vibrations of C-H, N-H, O-H and other chemical bonds of C. We can use the different absorption of NIR by biological material to predict its content. NIR represent an emerging analytical technique, it's environment friendly and rapid method for measurement of different constituents in various fruits and fruit productions. 2. Materials and methods 2.1. Experiment equipment and fruit samples 2.1.1.
Fruit samples
In this study, we use 100 intact jujubles (g1 ～ g100) and 60 jujubes(b1~b60) with internal insect infestation. All of these jujubles are bought on Dec.28 th 2014. In order to reduce the influence of the different size of samples to spectrum acquirement, the samples be used in the experiment are similar size. These samples were systematically divided into a calibration and prediction set, with the rate of 3:1.
Experiment equipment
The experiment equipment is consisted of a spectrophotometers ranges from 970 to 2500nm with a wavelength increment of 6.3nm which is made by Changchun Institute of Optics, Fine Mehcanics and Physics, Chinese Academy of Sciences; a computer; an external optic fiber cable to combine the spectrometer with the computer; a standard white board; tungsten halogen lamp(6V) as light source and a transmission at a constant speed of 0.5m/s. NIR spectra were collected and transformed by ENVI4.8 software, from two positions which was marked every 180°around equatorial position. In reflection hyperspectral imaging of both sides, 10 ROI regions were manually set around defective areas and ignore the highlight region. The average spectrum was calculated within the interest regions. The average spectrum can be used to represent the sample as original spectrum in Fig1. In order to deal with the effect of background and the change of light, we put a standard white board next to the sample and get its spectrum at the same time. The original spectrum eliminate the spectrum of white board, it can conclude reflectance spectrum as Fig.2 shows. As the comparison of Fig.3 and Fig.4 ,we can find relative differences in 1520-1880 nm, 1000-1000 nm and 1100-140 nm obviously. It's combined with the absorption of organic groups and reflective band, and we choose 979.2-1399.27nm and 1549.31-1854.95nm for model build. 3. Theoretical aspects 3.1.
Discriminant Analysis
The detection if insect jujuble is a kind of qualitative analysis, To develop a mode, Mahalanobis distance discriminant a kind of distance match was used.
Firstly, the definition of Mahalanobis distance:
is the distance between point x and point y.
is the distance of sample x to the staff G. The rule of the Mahalanobis distance discriminant is: there are two groupsG1 and G2. For a given sample X, we use this method to calculate the distance to the both groups, and give the different weights in different directions. By comparison of the distance, sample X belong to the group of a shorter distance.
Date pretreatment
Usually, a series of noise are generally included in the near infrared spectrum data, because of the influence of variations in temperature, density, particle size of samples, and spectral noise of the spectrometer. The analysis accuracy is affected by these facts. So date pretreatment methods are needed to correct baseline and reduce noise before building model. This work will improve the accuracy of the near-infrared spectrum analysis. This work used smoothing, derivative and wavelet transform as pretreatment methods. The analyst of near infrared spectra is based on difference in absorption between different samples instead of the absolute spectral absorption intensity. So it can be easily influent by background. It needs pretreatment to reduce the influence, such as derivative method. Derivative has a significant effect in background reduction, baseline correction and elimination of the impact of sample size. NIR spectra resolution enhancement also can be resolved by derivation methods. But the result depends on the choices on width of derivative window. In the beginning of experiment, as the increasing of the window width of derivative it can reduce noise and improve analysis accuracy, when the width is 13,the result is the best, but as it continues increasing the analysis accuracy will be reduce because of the over smoothing.
Derivative also can increase the signal-to-noise ratio of date. Noise from the derivative has great detriment to the analysis accuracy. There are two adverse effects: (1) the introduction of high-frequency noise, (2) the missing of useful information because of its average effect.
Wavelet transform
In engineering applications, the useful information is more likely to be stable low-frequency signal, and the noise generated by the external factors are more concentrated in the high frequency part, so the process of wavelet transform can be described as the process of reducing the high frequency noise signal. Wavelet transform has a good performance in de-noise of non-stationary signal, especially for mutations and spikes. In the process of de-noising using wavelet transform, the choices of wavelet mother function, threshold rule and decomposition level is the key for using this method. The results show that this method is effective in reducing high-frequency noise, including the noise as production of derivative.
We choose db5 one of Daubechies wavelet as the wavelet mother function and minimaxi as threshold rule to eliminate high frequency noise. When the wavelet decomposition and reconstruction, if we just use 1,2 layer decomposition. More details of the spectrum will be remained as well as some noise. By 3 layers wavelet decomposition, the high-frequency coefficients will be removed, but the reconstructed waveform may be too smooth and there will be a lack of details. Comprehensive consideration suggests that 2 layers wavelet decomposition is more reasonable, it can reduce high frequency noise signal and keep details information at the same time.
Result analysis
In qualitative analysis, the correctness of classification was used as the main indicator of judgment. Optimal analysis accuracy of different methods and their mutual are shown in Table. 1 below. The results showed that:(1)the correctness of classification has been improved after spectral pretreatment, (2) 2nd Derivative had a better performance compared with 1st Derivative, (3) 1st Derivative and 2nd Derivative combined with wavelet transform has the highest accuracy. 
Conclusion
The study compared the performance of different pretreatment methods in detecting internal insect infestation in jujubes. The result showed that the analysis accuracy can be improved after spectral pretreatment. Among the methods, derivative can reduce the influence of background and 2st Derivative had a better perform. The result of the 13 width window is the best. But it also can enlarge noise and lose details. Wavelet transform is effective in reducing high frequency noise. The choice of wavelet decomposition level is discussed, 2 layer wavelet decomposition can reduce high frequency noise signal and keep details information at the same time. The combination of wavelet transform and derivative can effectively improve the accuracy of the near-infrared spectrum. The best analysis correctness is 96.67%. The model based on NIR is illustrated could be applied to classify jujubles.
